Summary box
► Establishment of a trauma registry is the first step to understanding the regional epidemiology of injury and establishing an effective trauma system. ► Road traffic crashes result in 30%-86% of all trauma admissions in low-income and middle-income countries. ► Almost half of all motor vehicle collision victims were the main providers for their family. ► Data from the Sri Lankan Trauma Registry demonstrated that only 52% of patients arrived at the hospital within 2 hours after injury, with very few of these patients receiving any prehospital care. ► Work overload of medical officers led to a significant amount of missing data, and the slow tablet speed and poor internet connectivity within the wards led to a 30 min data entry time for a single patient. ► From the data obtained in this study, plans have been developed to conduct trauma first aid workshops and training programmes for school children and sports clubs, as well as public and media awareness programmes, of the importance of injury prevention in Sri Lanka.
AbSTrACT
Road traffic injuries are a neglected global public health problem. Over 1.25 million people are killed each year, and middle-income countries, which are motorising rapidly, are the hardest hit. Sri Lanka is dealing with an injury-related healthcare crisis, with a recent 85% increase in road traffic fatality rates. Road traffic crashes now account for 25 000 injuries annually and 10 deaths daily. Development of a trauma registry is the foundation for injury control, care and prevention. Five northern Sri Lankan provinces collaborated with Jaffna Teaching Hospital to develop a local electronic registry. The Centre for Clinical Excellence and Research was established to provide organisational leadership, hardware and software were purchased, and data collectors trained. Initial data collection was modified after implementation challenges were resolved. Between 1 June 2017 and 30 September 2017, 1708 injured patients were entered into the registry. Among these patients, 62% were male, 76% were aged 21-50, 71.3% were motorcyclists and 34% were in a collision with another motorcyclist. There were frequent collisions with uncontrolled livestock (12%) and with fixed objects (14%), and most patients were transported by private vehicles without prehospital care. Head (n=315) and lower extremity (n=497) injuries predominated. Establishment of a trauma registry in low-income and middle-income countries is a significant challenge and requires invested local leadership; the most challenging issue is ongoing funding. However, this pilot registry provides a valuable foundation, identifying unique injury mechanisms, establishing priorities for prevention and patient care, and introducing the concept of an organised system to this region.
InTroduCTIon
Every year more than 50 million people sustain road traffic injuries requiring medical care 1 and 1.25 million die from their injuries.
2
Those who survive are often left with disabilities that impact their quality of life and productivity. While fatality rates are falling in high-income countries (HICs), middleincome countries, with increased vehicle ownership, new paved roads and increased speeds, are the hardest hit. 3 The United Nations General Assembly declared a Decade of Action for Road Safety from 2011 to 2020 4 to combat these deadly trends. In 2015, road traffic injury was the cause of death in 1.07% of deaths occurring in HICs and nearly double (2.03%) in low-income and middleincome countries (LMICs).
2 An estimate of 1.8 million people could be saved through improvements in trauma care. 5 Establishment of a trauma registry is the first step to understanding the regional epidemiology of injury. Ideally, the registry should be population-based, including all injuries and deaths. Compilation of data on prehospital, inpatient care and rehabilitation provides a comprehensive understanding. However, in LMICs, a hospital admission database with patient follow-up can provide a starting point for establishment of a trauma system.
The value of a trauma registry is performance improvement-benchmarking, assessing trauma system functioning, improving patient outcomes throughout the continuum of care and developing injury prevention strategies. Research from HICs has shown repeatedly that implementation BMJ Global Health and effective use of a trauma registry can improve patient outcomes. 6 7 Critical patients are six times more likely to die from injuries in a country without an organised trauma system. 8 Recent attempts to extrapolate this model to improve trauma patient outcomes in LMICs have been encouraging, 9 leading the WHO to publish guidelines for trauma systems. 10 Sri Lanka is dealing with an injury-related crisis, with a recent 85% increase in road traffic fatality rates. 3 Crashes account for 25 000 injuries yearly and 10 deaths every day. 1 Trauma is the leading cause of hospitalisation in Sri Lanka, with a rate of 3100 admissions per 100 000 population.
1 Current expenditures are estimated to be in the range of 14.2 billion rupees ($80 million), with 37% of that cost dedicated to inpatient care. 2 11 This study describes the implementation and findings of a trauma registry in northern Sri Lanka.
ESTAblISHIng THE TrAumA rEgISTry
The Centre for Clinical Excellence and Research (CeCER) was formed to provide trauma system organisational leadership. The primary author (TG) met with the Ministry of Health and province and hospital administrators, who granted permission for registry implementation. Workshops were held for healthcare providers and data collectors; data collection began in June 2017. A phased approach was used-introducing staff education and training, hardware and software design and modification, stakeholder participation, data collection and analysis, and finally release of results to institutions, provincial and central authorities with recommendations for trauma system development. Five districts in northern Sri Lanka were selected as study sites: Jaffna, Kilinochchi, Mullaittivu, Mannar and Vavuniya. Seven hospitals participated; three referred complex trauma patients to the 1228-bed Jaffna Teaching Hospital.
The data elements were abstracted from hospital records and definitions determined by a modified Delphi technique by the coordinating committee of CeCER. Tablet-based software was developed, collecting data from the scene through hospital discharge. Data elements included age, sex, ethnicity, educational status, occupation, time of crash, site of crash, mode of travel, collision elements, place of injury, road surface, light/visibility, dress, speed, alcohol consumption, history of crashes, hospital admission and treatment data, mode of transport and time to reach the hospital, first aid, transfer to higher level of care, indication for transfer, information passed on to police and judicial medical officers, injury pattern, duration of hospital stay, imaging performed, role of patient in the family economy, additional family cost, family income, home environment after trauma if disabled temporarily or permanently, job status after injury, and economic support during the injury. Limited data were available for recovery and rehabilitation. Data were collated, forwarded to the stakeholders and presented at local, regional and international forums.
Patient and public involvement
Patients and patient advisors were not involved in the creation or conduct of our study.
FIndIngS oF THE TrAumA rEgISTry
During the first month of data collection, 280 patients were abstracted. Hospital book registers revealed 505 road traffic injuries admitted to the study hospitals during that month; thus, only 55.4% of patients were identified. Additional training, monitoring and auditing raised this number to 66% of the estimated patients injured in the region.
demographics Between 1 June and 30 September 2017, 1708 people were involved in road traffic crashes; 68 died. The Jaffna Teaching Hospital received 46% of the injured patients (figure 1). The largest group of patients was between the ages of 21 and 30 years old (n=516; 30.2%). Men were more likely to be involved in a crash, 62% of the injured. Nearly half of all victims (48%) who reported their role in the family were the main providers, with another 20% a partial contributor. Other demographic variables are listed in table 1.
Types of vehicles
Of the 1708 patients involved in the crashes, 729 (71.3%) were riding a motorcycle, either the driver (71%) or the passenger (29%) (figure 2). The mode of transportation was not reported in 686 of the victims. Pedestrians were the second most frequently injured group with 76 (7.4%) injured patients (figure 2). Most collisions involved an impact with another motorcycle (34%), fixed objects BMJ Global Health (table 2) .
Prehospital care
Three-wheeled vehicles were the dominant mode of transportation to treatment centres, transporting 311 of 591 victims in whom the transport mode was reported; 89 patients travelled by ambulance. Transportation time to the hospital of 1-2 hours was common, reported in 408 patients (52%). For 24% of the injured patients, it took more than 2 hours to reach a treatment centre. Very few patients (n=164/657, 25%) received any first aid prior to arriving at the hospital.
Injuries
The most prevalent injuries were extremity injuries (n=810; 313 upper extremities, 497 lower extremities); chest (n=379) and head (n=315) injuries were also common (table 3) . Fracture stabilisation was the most frequent intervention, performed 417 (30%) times, followed by wound care 387 (28%). Procedure details were unknown for 322 patients. The average length of stay for patients was 2-5 days (table 3) . Following their injuries, 87 (10.2%) of patients were unable to return to their previous work and 16 (1.9%) were unable to work at all (table 3) .
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lESSonS lEArnT From ESTAblISHIng THE TrAumA rEgISTry data issues While the total number of patients registered was close to the number anticipated, many registry components were incomplete. Only 1040 crashes out of 1708 (61%) were reported to the police. Network connections were slow and failed frequently. There were technical issues with the software and tablets. Patients sometimes refused to participate in data collection. The medical officers responsible for data collection on inpatients had a heavy workload and were at times unable to complete data. Nursing staff failed to complete patient details for whom they were responsible. Some data were unavailable. Planned home visits and postinjury family dynamics could not be adequately assessed due to lack of social services.
Importance of the registry Road traffic morbidity and mortality are a worldwide public health challenge, with an estimated 50 million people each year being injured or disabled in a road traffic crash and 90% of deaths occurring in LMICs, more than one-third occurring in South-East Asia. 3 12 These road traffic crashes result in 30%-86% of all trauma admissions in LMICs; increasing numbers are anticipated, with an estimated increase of 80% from traffic injuries expected in LMICs by the year 2020. 3 Trauma registries provide timely and reliable information on the incident and patient outcomes. Thus, they provide the foundation for an effective trauma system. The WHO Injury Surveillance Guidelines can be used as a foundation for assuring adequate information on injury to accurately guide injury care policy. 13 The American College of Surgeons Committee on Trauma is also developing an international data bank with a minimum data set. 14 barriers to prior implementation Prior efforts to establish a trauma registry in Sri Lanka failed due to incomplete data entry, excessive workload, politically controlled processes, and the biggest challenge in an LMIC, funding. 15 This new registry established a straightforward method to collect reproducible data. The study was endorsed by the Sri Lankan Ministry of Health, and conducted in the northern region, a site plagued by civil war until recently. A recent review of international trauma registries identified factors valuable in assessing the efficacy of such a database. 16 For the Sri Lankan registry, the use of an electronic mobile app with dedicated and trained data abstractors, external nonprofit funding, multi-institutional participation, patient outcome data, family and socioeconomic issues, data quality control and data analysis at the institutional and provincial level were important.
Current obstacles
The goal of this project was to provide data to healthcare professionals and policy makers to (1) identify the gaps in the healthcare system; (2) encourage active involvement of healthcare professionals; (3) optimise early injury care at the scene and in the hospital; (4) guide protective gear legislation; (5) regulate the referral system and patient transport; (6) customise injury prevention strategies; (7) collaborate with other system contributors: police, road development authority, legal system, social service, local government and health ministry; (8) policy making and allocation of resources; and (9) to develop a sustainable trauma care system. The issues identified during implementation of this registry are not unique to Sri Lanka. 17 Work overload of medical officers led to a significant amount of missing data, and the slow tablet speed and poor internet connectivity within the wards led to a 30 min data entry time for a single patient.
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Economic and societal burden Those injured by road traffic crashes are in their prime years of productivity, magnifying the impact on the victims, their families and communities. 1 The WHO reported in 2015 that road traffic injuries were the leading cause of death between 15 and 29 years of age 3 ; in our study, 30.2% of Sri Lankan road traffic injuries occurred in ages 21-30 years. Men are more frequently injured in road traffic crashes, 67% in our study. This age/sex distribution is like other countries, problematic because these individuals are often the major provider for the family. Nearly half (48%) of all road traffic crash victims in Sri Lanka provided the primary source of income for their families. A study conducted in Bangladesh reported that household income, food consumption and food production declined 70% when their head of household was involved in a road traffic crash. 3 South-East Asian countries and other LMICs have a high percentage of 'vulnerable road populations'-motorcyclists, both drivers and passengers, bicyclists, and pedestrians. 1 18 There are also high numbers of twowheeled and three-wheeled vehicles due to their affordability in less economically advantaged countries. 3 12 Our results, confirming the dominant role of motorcycle crashes (71.3%), are depicted in figure 2. South-East Asia and the Western Pacific Region combine to a total of 68% of the world's motorcycle deaths.
1 While less prevalent in Sri Lanka, pedestrians are another critical vulnerable population (figure 2). A review of 38 studies found that pedestrian deaths ranged from 41% to 75% of all trafficrelated fatalities. 3 Collisions with free-roaming cattle were responsible for 12% of crashes, an injury mechanism not previously reported.
Access to care
The 'golden hour' in trauma, a standard reference in HICs, refers to the transport of an injured patient to a trauma centre within 1 hour from time of injury. 19 Patients arriving after this time frame have a higher death rate. Data from the Sri Lankan Trauma Registry demonstrated that only 52% of patients arrived at the hospital within 2 hours after injury, with very few of these patients receiving any prehospital care. A study in India confirmed 80% of trauma patients were unable to reach medical care within 1 hour of trauma. 20 In a study by Sharma, 12 mortality among people with critical but potentially survivable injuries was sixfold lower in HICs (6%) than in low-income countries (36%). Prehospital trauma care systems are generally undeveloped in LMICs, so community leaders, police officers or taxi drivers may be the first responders. 1 12 21 The predominant mode of transport to the hospital in our study was three-wheeled cycles.
Future plans Anticipated modifications of the registry include expansion of the CeCER, software and hardware upgrades, avatar injury mapping, offline functionality and GPS (global positioning system) injury location. An SOS app for injury response by ambulance services has been developed. The number of data collectors for each district is being increased, coordination with social services improved, preservation of patient confidentiality augmented, and safeguards for the safe use of trauma registry data and reports developed. Incorporation of death data for the region would also be important. 22 Negotiations are under way to enable national collaboration and development of international partnerships.
From the data obtained in this study, plans have been developed to conduct trauma first aid workshops and training programmes for school children, sports clubs and youths. The data will be used to conduct public and media awareness programmes of the importance of injury in Sri Lanka. Other proposed interventions include reflective paint for stray cattle, a reflective jacket for night riders, locating ambulances close to areas with a high incidence of injury, GPS for ambulances to find injury scenes and mobilise quickly, prehospital paramedic training, first aid training for all three-wheeled drivers and provision of first aid boxes near high injury sites.
Quality improvement in trauma systems must be continually assessed through the registry to pursue effective measures and discontinue ones that do not improve outcomes. 15 The WHO recommends implementation of morbidity and mortality conferences and preventable death reviews. 23 Countries must invest in the elements of a trauma system in order to see improvements in care of the injured. However, each country has unique issues with trauma system development, and these must be acknowledged if success is to be achieved. 13 14 24 25 ConCluSIon Studies in LMICs have shown reduced mortality and medical errors after implementing the elements of a trauma system-a trauma registry, trauma programmes, peer review and quality improvement committees (Pakistan, Thailand-mock success). Sri Lanka has developed a National Policy and Strategic Framework for Injury Prevention and Management. 26 Implementation of the recommendations requires national investment in a trauma system with all the elements needed to be most effective. This trauma registry and the leadership exhibited in northern Sri Lanka are an excellent start to this process.
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